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CHAPTER 3 
 
 
 
MATERIALS AND METHODS 
 
 
 
3.1       INTRODUCTION 
 
The raw materials, chemical reagents and various types of apparatus used in this 
research have been mentioned in this chapter. In addition, the experimental design and 
methods for process analysis have been summarized. The response surface methodology 
for the optimization of process parameters has been mentioned. The characterization 
techniques for oil, bioresins and nanocomposite films have also been briefed in this 
chapter according to various ASTM methods. The cure kinetics and related parameters has 
been analysed by following established methods and theory. The followed standard 
methods for various testing have been mentioned accordingly. A general overview of 
process flow diagram is presented in Figure 3.1, whereas experimental design is illustrated 
in Figure 3.2. 
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Figure 3.1: Process flow diagram. 
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Figure 3.2: Experimental design of the research. 
 
 
3.2       MATERIALS  
 
The raw materials and chemicals used in this research are listed in the Table 3.1. 
The highly pure chemicals and analytical grade reagents were used in this research without 
any modification. Except the chemicals and reagents, various types of glass ware and lab 
apparatus have been used in this research. For example, four-necked round-bottom flask, 
ultrasound bath, pipette, burette, burette stand, water bath, magnetic heater with stirrer, 
soxhlet extractor, thermometer, condenser, dean-stark apparatus, iodination flask, beaker, 
Erlenmeyer flask, glass rod, Petri dish, etc. The type, molecular weight, density, chemical 
structure and formula with boiling points of different acid anhydrides are listed in Table 
3.2.  
 
 
 
 
